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INTRODUCTION 

During the first part of the coalescing process, bunches 
stretched until they fill the "1 kV 0 53 MHz bucket. 

are being 

Applying the "Keil-Schnell-Boussard" criteria (see 
microwave instability inside that bunch gives: 

Appendix A) for 

IZ/nl 5 5.6 n for Nb = lOlo ppb . 

It is very likely that local instabilities develop inside the bunch during the 
manipulation. The computer program EWE was run under these conditions to 
give an approximate picture of the bunch distortions. 
here. 

Outputs are presented 

Since microwave signals had been 
coalescing (bunch rotation), 

observed during the second part of 
some simulations have been done at that part. No 

catastrophic degradation showed up with the model used, 
outputs indicate. 

as the computer 

THE MODEL 

The high frequency impedance seen by the beam was simulated by a Q=l 
resonator at 2000 MHz. Two "reasonable" impedance values were tested. 

Z (Q 2000 MHz) = 800 kll 
2 (0 2000 MBz) = 600 kIl 

equivalent to IZ/nl = 19 n and 
equivalent to IZ/nl = 9.5 n. 

Care was taken that the program 
checked by comparing the voltage 

was giving meaningful results. That was 
due to the resonator, along the bunch, as 

computed by ESME, with the one given by approximate formulas (0 CERN 77-10, p. 
95). Unfortunately such a formula can 
smooth, so only the initial 

only be used when the bunch shape is 
state has been analyzed. A satisfying set of 

parameters is: 10,000 macroparticles into 32 FFT bins, for debunching 
analysis. CPU time is already greater than four hours in the FPS 164 in these 
conditions. 
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For bunch rotation analysis, the number of FFT bins was brought up to 256. 
It was necessary, since bunch length varies drastically. Ten thousand 
(10,000) macro-particles were dS0 used. Reliability of the results is 
probably less good than for debunching. But since little bunch distortions 
are detected up to Nb = 2X1011 ppb (2X design value), one can safely consider 
that an upper limit of the bunch degradation is obtained. 

DEBUh'CHING SIbiULATIONS RESULTS 

Figures 1.1, 1.2, and 1.3 show the voltage program used, together with 
bucket height and vs. The table below indicates the parameters used in the 
simulation together with the relevant output pictures. 

IZ/nl 0.1 n 9.5 n 19 n 19 l-l 19 n 

Nb 8x1010 ppb 5x109 1010 2x1010 

Figures 2.1 to 2.8 3.1 to 3.8 4 5 6.1 to 6.8 

Figure 4 shows the present operational 
IZ/nl = 19 D!). 

situation (at least if one guesses 

The result is already different from 
Bunch distortion is not excessive, 

the zero intensity one (Fig. 2.6). 

or 3 MeV. 
but energy spread is obviously greater by 2 

This could explain the need to go to a higher voltage during bunch 
rotation (33 kV 0 h = 53 raised to 44 kV) since 
exchanges energy spread for bunch length. 

bunch rotation basically 

The situation at Nb = 1010 ppb with IZ/nl = 19 9 is very bad (Fig. 5), and 
at Nb = 2X101° ppb (Fig. 6.6) it is hard to describe. 

If one guesses IZ/nl = 9.5 n the result (Fig. 3.6) is comparable to 
IZ/nl = 1 9 (Fig. 5) but at two t&es the intensity. 

BUNCH ROTATION RESULTS 

Because of program capabilities the simulation was run on a single-bunch 
with EL = 2 eV-set, initialy matched to a 200 V h = 53 bucket. That was 
supposed to be an approximation of the chain of 10 adjacent bunches. RF 
parameters during rotation are the ones previously used by D. Wildman: 

?(h = 53) = 44 kV 

+(h = 106) = 7.5 kV. 

The low intensity limit is described in Figs. 7.1, 7.2, and 7.3. 

Computations have been done for lZ/nl = 19 D and Nb = 2X1011 ppb (2x 
design value). Outputs are shown in Fig. 8.1, 8.2, and 8.3. 
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The following table summarizes the comparison of some relevant numbers in 
both cases. 

I 
Nb = 0 ppb Nb = 2X1011 ppb 

Optimum rotation time 3651 turns 3708 turns 

RMS spread in azimuth 7.96 X 10-4 rad 9.64 X 10-4 rad 

RMS energy spread 39.7 MeV 34.3 MeV 

So the minimum length is observed later 
bunch length is increased by 

(57 turns or more than 1 nsec) and 

an increase of r6%. 
~20%. Computation at Nb = 1011 ppb indicate only 

No noticeable bunch distortions show up. 

This part of the process is much less sensitive to the microwave wide-band 
resonator than the first one. 

CONCLUSIONS 

With due regard to the crude models used for the computations, one can 
nevertheless estimate that: 

1. The first part of the coalescing process is very sensitive to the machine 
impedance. Great difficulties are likely to appear when going to the 
design intensity, or slightly higher. 

2. The bunch rotation is much more tolerant, but some decrease in performance 
can be suspected, with a threshold 
(Nb = 1011 ppp). 

around the design intensity 

The obvious recommendations that one can make from that basis are: 

1. Measure machine impedance and try to reduce it. 

2. Modify the first part of the coalescing process to make it less impedance 
sensitive. One possibility for that is to go to a more adiabatic bunch 
lengthening technique, which will provide a stretched bunch in a much 
shorter amount of time. 



APPENDIX A 

CALCULATION OF TEIX TBRESHOLD FOR MICROWAVE INSTABILITY 

Formula: 

I?!1 s F @ (;) [ ‘“~Wheight2] 

(a am 77-13, p. 178) 

F = 0.65 

E 
2 = 938.856 YeV e 

7 = 160 (Etotal = 150 GeV) 

171 = 2.81 x 1o-3 

If one debunches completely a bunch of emittances et, the approximate relation 
between bunch length Lb (1 rf wavelength) and bunch half-energy spread AEb is: 

. eb rxAEbxr=='. 

Application 

EL = O.lGeVs Lb = 18.8 ns =I AEb = 5.42 MeV. 
Assuming a parabolic distribution in the 
spread at half-height is 

center of the bunch, the full energy 

(AE)1/2 height = $ I I 

1 
X 2 X AEb = 7.66 YeV 

(W 
SO (Ap7)1/2 height ' (*7)1/2 height = E 

l/2 height = 8.17 x 1O-3 
0 

The mean beam current along the bunch length is: 
IO = !$ 

and the instantaneous current in the center of the bunch is: 

;=;I, 

Application: N = 1010 ppb (0 Design Report Tevatron 1) 

So i = 0.128 A. 

Consequently 5 5.6 n 
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Editor's Note 

This document has been created from a private note written by R. Garoby 
during his visit to Fermilab. Therefore, the author is not responsible for 
any errors or omissions since he never intended such,a,wide audience for this 
piece of research. 
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SMJLATION OF BUNCHES COALESINC IN TRB MAIN RING, 
IN TBB PRBSENCE OF A HIGH-FREQUENCY, WIDE-BAND RESONATOR 

R. Garoby 
December 4, 1986 

INTRODUCTION 

During the first part of the coalescing process, bunches are being 
stretched until they fill the "1 kY 0 53 MHz bucket. 

Applying the "Keil-Schnell-Boussard" criteria (see Appendix A) for 
microwave instability inside that bunch gives: 

IZ/nl < 5.6 n for Nb = lOlo ppb . 

It is very likely that local instabilities develop inside the bunch during the 
manipulation. The computer program ESME was run under these conditions to 
give an approximate picture of the bunch distortions. Outputs are presented 
here. 

Since microwave signals had been observed during the second part of 
coalescing (bunch rotation), some simulations have been done at that part. No 
catastrophic degradation showed up with the model used, as the computer 
outputs indicate. 

THE MODEL 

The high frequency impedance seen by the beam was simulated by a Q=l 
resonator at 2000 MHZ. Two "reasonable" impedance values were tested. 

2 (0 2300 MHz) = 800 kn equivalent to IZ/nl = 19 n and 
2 (0 2000 MHZ) = 400 kn equivalent t0 IZ/nl = 9.5 n. 

Care was taken that the program was giving meaningful results. That was 
checked by comparing the voltage due to the resonator, along the bunch, as 
computed by EWE, with the one given by approximate formulas (0 CERN 77-10, p. 
95) . Unfortunately such a formula can only be used when the bunch shape is 
smooth, so only the initial state has been analyzed. A satisfying set of 
parameters is: 10,000 macroparticles into 32 FFT bins, for debunching 
analysis. CPU time is already greater than four hours in the FPS 164 in these 
conditions. 
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For bunch rotation analysis, 
It was necessary, since bunch 

the number of FFT bins was brought up to 256. 
length varies drastically. Ten thousand 

(10,000) macro-particles were also used. 
probably less good than for debunching. 

Reliability of the results is 
But since little bunch distortions 

are detected up to Nb = 2X1011 ppb (2X design value), one can safely consider 
that an upper limit of the bunch degradation is obtained. 

DEBUNCHING SIMULATIONS RESULTS 

Figures 1.1, 1.2, and 1.3 show the voltage program used, together with 
bucket height and vs. The table below indicates the parameters used in the 
simulation together with the relevant output pictures. 

J 

IZ/nl 0.1 n 9.5 n 19 n 19 n 19 n 

Nb 2X1010 ppb 5x109 1010 2x1010 

Figures 2.1 to 2.8 3.1 to 3.8 4 5 6.1 to 6.8 

Figure 4 shows the present operational 
izjnl = 19 n!). 

situation (at least if one guesses 

The result is already different from 
Bunch distortion is not excessive, 

the zero intensity one (Fig. 2.6). 

or 3 MeV. 
but energy spread is obviously greater by 2 

This could explain the need to go to a higher voltage during bunch 
rotation (33 kV 0 h = 53 raised to 44 kV) since 
exchanges energy spread for bunch length. 

bunch rotation basically 

The situation at Nb = 1010 ppb with IZ/nl = 19 II is very bad (Fig. 5), and 
at Nb = 2X101° ppb (Fig. 6.6) it is hard to describe. 

If one guesses IZ/nl = 9.5 9, the result (Fig. 3.6) is comparable to 
IZ/nl = 19 D (Fig. 5) but at two times the intensity. 

BUNCH ROTATION RESULTS 

Because of program capabilities the simulation was run on a single-bunch 
with EL = 2 eV-set, initialy matched to a 200 Y h = 53 bucket. That was 
supposed to be an approximation of the chain of 10 adjacent bunches. RF 
parameters during rotation are the ones previously used by D. Wildman: 

?(h = 53) = 44 kV 

?(h = 106) = 7.5 kV. 

The low intensity limit is described in Figs. 7.1, 7.2, and 7.3. 

Computations have been done 
design value). 

for IZ/nl = 19 l-l and Nb = 2X1011 ppb (2X 
Outputs are shown in Fig. 8.1, 8.2, and 8.3. 
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The following table summarizes the 
both cases. 

comparison of some relevant numbers in 

Nb = 0 ppb Nb = 2X1011 ppb 

Optimum rotation time 3651 turns 3708 turns 

RMS spread in azimuth 7.96 X 10-4 rad 9.64 X 10-4 rad 

RMS energy spread 39.7 MeV 34.3 MeV I 

So the minimum length is observed later 
bunch length is increased by 

(57 turns or more than 1 msec) and 
~20%. Computation at Nb = 1011 ppb indicate only 

an increase of ~6%. No noticeable bunch distortions show up. 

This part of the process is much less sensitive to the microwave wide-band 
resonator than the first one. 

CONCLUSIONS 

With due regard to the crude 
nevertheless estimate that: 

models used for the computations, one can 

1. 

2. 

1. 

2. 

The first part of the coalescing process is very sensitive to the machine 
impedance. Great difficulties are 
design intensity, or slightly higher. 

likely to appear when going to the 

The bunch rotation is much more tolerant, 
can be suspected, with a 
(Nb = 1011 ppp). 

threshold 
but some decrease in performance 

around the design intensity 

The obvious recommendations that one can make from that basis are: 

Measure machine impedance and try to reduce it. 

Modify the first part of the coalescing process to make it less impedance 
sensitive. One possibility for that is to go to a more adiabatic bunch 
lengthening technique, which will provide a stretched bunch in a much 
shorter amount of time. 


